Optogenetic approaches to treat epilepsy.
Novel treatments for drug-resistant epilepsy are required. Optogenetics is a combination of optical and genetic methods used to control the activity of specific populations of excitable cells using light with high temporal and spatial resolution. Derived from microbial organisms, 'opsin' genes encode light-activated ion channels and pumps. Opsins can be genetically targeted to well-defined neuronal populations in mammalian brains using viral vectors. When exposed to light of an appropriate wavelength, the excitability of neurons can be increased or decreased optically on a millisecond timescale. Alternative treatments for drug-resistant epilepsy such as vagal, cortical or subcortical stimulation, focal cooling, callosotomy, or ketogenic diet have met with limited success, whereas optogenetic approaches have shown considerable pre-clinical promise. Several groups have reported that optogenetic approaches successfully attenuated epileptiform activity in different rodent models of epilepsy, providing proof of the principle that this approach may translate to an effective treatment for epilepsy patients. However, further studies are required to determine the optimal opsin, in which types (or subtypes) of neurons it should be expressed, and what are the most efficient temporal profiles of photostimulation. Although invasive due to the need to inject a viral vector into the brain and implant a device to deliver light to opsin-transduced neurons, this approach has the potential to be effective in suppressing spontaneous seizures while avoiding the side-effects of anti-epileptic drugs (AEDs) or the need to permanently excise regions of the brain. Optogenetic approaches may treat drug-refractory epilepsies.